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imrn%\ mm* 

mw<D%m m&m&m, xvzti bvmmjjfe 

Hf , Cr (^HA) . Co (a/f;i/h) „ Al (T^S-^A 

) , S n (ft) , N i (-y^-fr) , M g (t^^v^A) JSitKAg (H) O 

[If #3S 3 ] lufBI§ B H H fi#i3 i yiWHa»**fl[*i£«tt, Ti, Zr, H f 
, Cr, Co, Al, Sn, Ni, M g £3 <fc V*A g <75 V*i*ti7&» 1 J£JLh.<7)7cf^ £ C 

4 ] KrfBI&ll*fc#*5 «£ tmiEiftlMS:#i£#l± N TU Zr, H f 
, Cr, Co, Al, Sn, N i , Mg*5 XV s A gO^ftl^ 1 ^±<7>7C^<^g? 

itmz&m-tz - t t:#WLt-t&, m&m 1 KiB*<oie«ijB&jpso 

[If ^ 5 ] miBI§ B H H Sl*If|50^ffB»7G^oaj^^ 0 . 1 I^/o^Tt 
i Sr«F»ti"«, If mm 1 75M»*3I4 Ov»r*L*» 1 ^tcgB«oEi|ftffl^ 

lffllB&«BB*SU±* If ^ 1 75Mlf 5 <D^-ftifr l ^tcfB«OBB«llffl^JK^ 

*w b c u £ t -r & «ncu grffi&Mmum t , 
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m^muuTcm z m t a c u * izim £ * & «n^Mfcx*i t * 

[fflf 3££ 9 ] B&fB»7C^l±, Ti, Zr, Hf, Cr, Co, A U S 
n, Ni, Mg ij i t^A gov^f i ^±Oxf -e*s c: t 1 ff 
^7 i 8 twE|RoE*lffl^«O«ji^ft 0 

ffrific u icfrfB^*n7n^^ & &ji ^jfrm-fz mrnitmm^waM t „ 
ffrie»7c3t * huI2 c u 4> fcMfe $ »^it i£fkxfi t , 

*E*ft*Ktc^ * mi<D'j??£ < t &v>-rtL^f>**E«iffl<?5Gnaj*^ 
■r * E«fflon«p^jsjD:e t , 

tfTEE«UHIHI«fctta&* fifc C u £W*>jfc*|fc C u iot 
& s&HfJ C u 1*11 % 
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1 2 ] #^it^^J& £ tL^MLLC c u *±JS^t 

K £ ^M-r i.Aijr^ ;v§U»xfi t , 

im&m 1 3 ] friB^fij c u ^xfsoifr «f8B«ani5n*Ji^jftxe, 
mmmnytmmwtJim, &xz>\ mu^mmmitmm^iim^^^t^mWit 
■fz>, lit tzitm^M 1 2 m^-r i ^^ib^^^^m^^jS^' 

[ft^ 1 4 ] BufB^fiJ C u |Sfe*Ig©^j: % «TIBiSJin5c*«^JSXe, 
1friB^SD7C*i£ifexe, *5i^\ *m^«2ni^*(fc*xe*fTO ^t^tt 
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1 6 ] itne«]7GSf fi % Ti, Z r > H f . Cr, Co, Al, 
Sn> Ni, Mg^i J/A g<7)U^tL^ 1 m_h^7n^T**^> C t &&WL£~f2>. 

it i o 7bmm#m 1 5 co^-rti^ 1 m^m.^mp^m<o^^o 
[0001] 

*J:tf£*L&«>*ii#8;fcW 

"t"«5> o 

[0 0 0 2] 

u) ^fflv^^i^jc^oT^Tto CuOijSttl 0 8 3*CC&19A 1 

<0 6 6 0t)i:J>fL-CS<, —mz^U? hn-7-f^l/-y 3 > (Electro 
m i g r a t ion! EM) < % flttOST^f tLTV>5 tWt>itlX 

[0 0 0 3] 

C u £ f^f & &c tt , K 7 J. y ^ ^ ^ t c i .2, jnXj&'S H T £> £ i& 
[0 0 0 4] 

C u*iaK*t#i: LTffiv>*fei6nti. C u o^iUlcj^o&itfc «£ 

£> Hlii*#ffiLTK9!1-« 0 
[0 0 0 5] 
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± n ±m m&tmm £ n & Tm m& % m l x v > & 0 cots se&t^ & Tie ^ 

$ *i & ±§ ge^t t TOO -7" n -b 7s £ m ^ XJ&J&X* § £ o 
[0 0 0 6] 

COTJlg£^±H^,#J^l b ZmWkL (El 9 b) , W'Jv^y?^-^^ 
^tti7f>^aot, «M^tc@5ia?ti3«t<y f @S^?L^i(FMi-^> (09 c) 

#>&tr (HI9 e) o 
[0 0 0 7] 

It^mmmm (Chemical Mechanical Polish 

i ng : cmp) ^x^xmmi>L<immim^-(o^m^cu^xv i ^vr 
^^;^3b^i^*L (m9f) N mmx&zs^) rmm8 bz®,m-f2> ( 

HI9g) o -Oi^tcLT. TM*5J:TOJM*^#-e^)^^i; ^;H13 b-e 

, ±wz%&mfeT«$>&^v rmmmshxm^titzc uummikmmzti&o 

[0 0 0 8] 

m^ztix^Zo mm^ > ^traic^^t^ ^r^mm-t^rmmm^ 

[0 0 0 9] 

IU1 0^^^^,^O^##:^«<7)^^^^^^ o iioit 

WM^^^Ltv^o mi 0 a(ico±tc±^ien^f^$tL^>T^ieii 

[0 0 10] 

-OTii@cmJitc«mi b ^tlt (HI1 0 b) , WJV^77Y-i: 
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10 c) o -e<7)f^ i*lt^l.A'J7>!^;Hi3 b«n D £<bK, 

^'^»> ^^^^U^Mtl, (llOd) o *>o§^$fc 
(ifb^^^SS (Chemical Vapor Deposit ionlC 
VDft) KJ: 19 C u 4 b SrS^ifr (0 1 0 e ) 0 

[0 0 1 1 1 

mMmt<z x *) Kiiob *<7>mim7cmzc u 4 b 

, C u 4 b ££-£ffc£Ht-& (IHlOf) o CMP^iotffiliisiyil 
miVM^fflti: C u 6 c £ J: tfV-nj 7^9 } vm 3 b L (0 1 0 g) 

^ Wt^^^-'J 7^118 b (01 Oh) o i^i^CU, T 

m&£mm*mfc-? T * *;HH3 bT, JiM£*&I1^&&/sm;t*& 

If M 8 b Til frft*: C u m$.ffi7ktffm £ ti&o 
[0 0 12] 

ttz, mttM3K&^T, ^mi^mm^mMm^Mm-r^mz, cusn 

BHfXt 1 ] 
#12001-298084 

Wffl 2000-150522 

#HS2 000-208517 

ifmmcm 1 ] 

* t y K h * 7>fK C u * 9 )V «; -X (Stress-Induced Voiding Und 
er Vias Connected To Wide Cu Metal Leads) J . 7 a ny-f^f y 
4 4—4-4- 4 >^t->3t^ V 9 ^ T fcf U "7" -f ~74V97, 
V*J A 2 0 0 2 (Proceeding of IEEE International Reliability Physics Sy 
mposium 2002) ^Tp< , ;#^^fcS (USA) „ V T^4 ^ y-tf- 
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, 'T ^ (The Electron Device Society and The Reliability Society of the 
Institute of Electrical and Electronics Engineers, IncK 2 0 0 2^4 R 
7 BUfr (April 7,2002), p 3 1 2 - 3 2 1 
[0 0 13] 

mwi>m&: Lid t-f& mm] 

m 9 IZTF-f H o C u E&OttffitttzM LT, EMiBttfc <h «, 

X h 1/X7^ v a > (Stress induced migratio 

n : sm) ci^^ Kijs^isiiaii t^oriti/^o cu £%&mm<om 

[0 0 14] 

ft £ J; «9 e T Srt* $ h \z «/h $ § t- % $ i- 3 tSII $ ti 
[0 0 15] 

Ztz, EM^SM«iLT, ^tLfT\ c uBe^o^« $ #m^it$*v 

[0 0 16] 

*^Lfcar^nt±, Ksiob **>i&&nx*^ gyrate o c u a 

b*lztt.%cZit2 > z£X\ CuWM^^, #^->-KJBl 0 b* 

0»tc^«, ^atwi ij C u 4 b* K&ffeU -apiiC u*££&6 c O&JI 
*£#7 btc^fffi-r*^ #K»iCuig£*£6 ccftc^i-^o £«>CuiPNI*i6 



fcBIE# 2003-30647 



#12002-356291 

[0 0 17] 
[0 0 18] 

»«yH^J: KilOb **>8&bn7G*J& f C u 4 b^iz-mz®: 

Wet tut c u 4 b^^<7)^n7c^oiS:t!i:^^av^^ic(i % nfei^ 

£•> kji i o b * < n^thmrn7m<r>mmx% c u ge*ft<3&j-» 
# ? ±#i-& 1 1 i> iz, zhK±m<Dmm*^Wut&tz&<nwk$mK3L ^^^^ c 

u 6 c ^o«fe(ni7c*oiftft-/n 77^ u#£ ^iEW^wi 
[0 0 19] 

$ Ki 1 0 b •FOi&jDx^J&fffc «t o T, C u 6 c ^HSO 

$L%d>mm%K.z>o mzmu^msc ufaMiffiftizmmtz x $ %m&izi±, m 

[0 0 2 0] 

7& ? ££& 0 t%£>%, BWRRtfUZ&^Xi** Xs*y ?<DQtb7hfrte.i>smikt2>tz 

£<&& G Bm<vmmmt±±mnmmmiz&^x c umt^mjims 

®<**o ? KJf i o b**rc y *&K«fc ^fc&LtzWs^z 

m^m^zx-oxifh^i :tc^^„ 

[0 0 2 1] 
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J: d ^'J7^;i/I3b Kfl l 0 tfD^mwn^mM^WM 

[0 0 2 2] 

[0 0 2 3] 

mm *mvk-thtztb<D 

[0 0 2 4] 

if^tc?&o c u <d v >r ^w - -> a > srspftij-e § , w.&Lm&m<7>mm&ifa±~c § 

[0 0 2 5] 

, Hf (^7-->A) „ Cr (*nA) , Co (n^h) > A 1 (T 
, Sn (») , N i (--y^;!/) , Mg (^^v^A) £ i 0? A 

[0 0 2 6] 

a t omi c%m% C u|gB H B t^t'Otf M^iv^5E<^7Cf 
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[0 0 2 7] 

Zr N Hf, Cr, Co. A U Sn, Ni, Mg$$£ Z/A g<7>\,*i*tLfr 1 \>X±. 
[0 0 2 8] 

[0 0 2 9] 

Zr> Hf, Cr, Co. Al, Sn, Ni, Mg3&£ ZFA g (D^-ftifr 1 J^_t 
[0 0 3 0] 

H H a *2#ia# (c uiss&oft^w) ^ &fc%&mm\$i}* : i&WL-tz>z.tx^ c 

[0 0 3 1] 
[0 0 3 2] 

dof&W^itLW, SM, E MOKM i ^ o 1 1/^ C u ^a^r^ J: ^ 
^^i£^^^aS^v^P7C^^SA U l£ H H H fil*!g|U;:{2 0. 1^%^ 

[0 0 3 3] 
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[0 0 3 4] 
[0 0 3 5] 

±fami * * 7t k , a , c u * t -t & t c u 

[0 0 3 6] 

[0 0 3 7] 
[0 0 3 8] 
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[0 0 3 9] 

±E*»WOB»ffl«fl3«a^rifett, fUSSAticXtt, Ti, Zr, Hf, 
Cr, Co, AK Sn, N i , Mgj3«£ X/A g<D\,*-?tifr 1 m_tOTG#T*£>& 

[0 0 4 0] 

a t om i c%m% Cujeaii^^tfe^^ii/^^cOx^^^JDi- 
[0 0 4 1] 

[0 0 4 2] 

CLONIC J: tUT, Cu#j»^jfixe-CCujt&S*i«r^$^ ^Cu^ 
[0 0 4 3] 
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mwmz&nmt, mmwLmw^zmtb&t? x ^ ecu *am*t& cu^iu 
m t > mmmmwn>^n#>&t ntz c u mw&m-b c u £ 

[0 0 4 4] 

Cu* (Cu^ B H B *lftg|5) U i±«J7Glft^i3: t ^ L*v>fc*^ «]7c3tK 

•fh (C u^K&ifc 7/N'7^-y7h^KCu^y-K 
V £J&M U i£H?f & x xmmi* C u xmtb&bWf&Kfrt, ti& i 9 #?f 
^>#?L-ec u <aS#>&^14^#|&& «r t J: ««iw5c*oiWoas^ £«t < 

o c u mwL<Dmn.m&mm.&v>m cj;omo<:w^<^j 0 

[0 0 4 5] 

■fzs^) tj* *frm*&m&z>>v) T**n,m&M3Mt, m%&6mmwu<nito 



tbliE# 2003-3064773 



!Wm 2002-356291 



^ — v l 



w) r * ? *mh\z. cu*«i6afrj:^f=jM+*cujiwrafc, mibe 

[0 0 4 6] 

mujtmi~ x h >w ? c u f ^m^sfea^iw $ *u ^ifttt^ cuie 

CuE«^tt«i6JiD5c*oiftJK<03S^i:||<4ij, Cug&»o*£tft 
»*BB«l*oi|gtcJ:oTt3r<bo<c:t^<** 0 $£>^ CutWt^l 

fl? A * Rrlbi" a Cl tfX* £ * o 
[0 0 4 7] 

[0 0 4 8] 

[0 0 4 9] 
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[0 0 5 0] 

C u 0_b 3 *i * « i: »-T * C u ffifitt&IS , Cut »t£?!? OScjg 
[0 0 5 1] 

[0 0 5 2] 
[0 0 5 3] 

±IB*«WO#»#igfl|W«Ji^fe«, lufB«7C^{i. Ti, Zr, Hf, 
Cr, Co, AK Sn. Ni, Mg& J: tfA g<Wf*L^ 1 JSJUtOx^re** 

[0 0 5 4] 

zn&mizxtu^ cu*±&frtLfc*mimm<D&mjEm*^ c u ^ 

H»R**1 atomic %^T"T\ C u^ B B H fe|^^i3tt-?)fetS:^m^# V>JjFf^ 
[0 0 5 5] 

*»wonife^m?nco vermis «r#fig Lxmm^m-^^o 

[0 0 5 6] 

(* i ^ili) 
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[0 0 5 7] 

C u 4 a*5«t?>Vsri; T^|fM8 a^ib'Sr-ST^OgeMt, ttitltlb, A'J7^ 
*;Hl3b, Cu^fiGb, Cu«Wf«7b, fc-fcOWrilft 
&R8 b^&&±JiOK>8at3^1tJ&$ft& 0 Ti««Cu4aiJ: 

, ±.m<omt<nc ui^ B B H*i6 b t c nm^mw^<D^m7 b i:wac«^$ 

[0 0 5 81 

^L-T, lllMS^JC&^Tti, Cu|g H H B t6b(7)t#i5j;^om C 
uf£dM&6 b 7^ *;HH3 b b<F>%m&&Tf*:<D : &m (7bt ttgt) 

[0 0 5 9] 

Cu#«S«li, C U^0^7C*^^n^tLfcC U^^j£ B B 3 >fb&& 0 # 

It A C u & A££ 6 b tf\ *£ B B B t£j&:K^|Jf&IJ £ *H\ l^mHlO^ 

[0 0 6 0] 

■f-LT. CuWf7b, C ug B H H fi 6 b t^*'J 7 ^ ^ 3 b t <D|?1 7 
) WffiL£|t^&oTV^ 0 ffc, Cu^ HH fi^C^nx.T, Cu^ B B B f3:# 

7 b ^^DTc^i: c u t^mm^mm^mm^ titzm^t ^ot^ 0 

--T'V^Cu^ B B H f4^# Cu|§ B B H |ii6 b<7)^ H B H ^M^^>i*ig|5 
[0 0 6 1] 

C u^ B B B ta:6 b<D%L%-Rmm&W7 b £&tf£^;&n^f?>^Jg{;):, 
£*L&v^ C U&A&6 b 0*fc#&tf*a:|ftS# 7 b KUU ^ft < t C u^ B B B 
*56bW«tl9^#-<<7)?^n7n^#feLTV^ 0 ^flqftKfi, Cuig B B B $i£6b 
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(DffiRRmt^&m 7 b iz&nzmmitmvi&jgit, c u^fi 6 b ftm-mt 

alixMS02-l 0 0 Ommjg, 4ftL<l±10-10 04g*ij£T£>& 

o 

[0 0 6 2] 

bvmmTtmmm&o. (wt> jfCT-%£a tomi C %tn,)j^ 

[0 0 6 3] 

— ^ C u i H H B f 1*1^ 6 b , f^Ix. ^ t a';^ C u 6 b (i, 0. 1 a t o m 
[0 0 6 4] 

C uM H H H f£!*l£B6 b t:ibitl.IteMSii, ~ & * > Sf M5M7f ( 

Secondary Ion Mass Spectroscopy :SIMS 

) , xmfritmizx *)mi£-tz>z.ttfmtx~&z> 0 simsii, simst^ 

^2>ZttfX&2> 0 C u Zfi J: i) fc/h^v^^-fi, SIMSfcJ:*) 

1 a t omi c%&±X&tiimmKmm%.*MmirZ>ZttfX&Z> 0 X 

0. 1 a t omi c%5gjRT** 0 

[0 0 6 5] 

tKDX^iiZ^ Cxi m&H&<D%L%-R tPftLW&m 7 b <D$Ot K&^Xlt, Cug B B B 
[0 0 6 6] 

tfc, iS*D5c*tt, CutOglWl a t omi c %J^TT\ CuO# 
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t?<oW3k.%&A t iz £^i><D&m^bti2> 0 muycm<o C u ? 4> \z is tt <5> i£ife 
itlttl < ^ < TU^ 0 iixii: Itli, (T i ) „ y>3- 

(Zr) , (Hf) % *nA (Cr) , (Co) 

i-tWU»o iteiatii, -e-o-ftfcfrc, r;i/^-^A (ai) , II ( 

Sn) , (Ni) , v^*v^A (Mg) ioiZ/il (Ag) 

[0 0 6 7] 

^ LfzC uEZmm&bZ&^Xlt, feykfflfHZ&l-f&sWjrC u 6 c 

^ftii-e § . eB^ofe^sM$r®c#-e § & 0 f *m kj&s© c u <d&w&s& 

[0 0 6 8] 

fzm&Kn, mzcu ^mmmmm^BMitz zbztitztLxi>^ m.mz& 

[0 0 6 9] 

*aHiCu l§ H B H fi#tc £ it & ^^EMT* & £ t ri*. 2 ( 

ril/^hnv-f^*I/-y 3 > <f> Cu T4>-'7>()VA ?4> 

X(Electoromigration path in Cu thin-film lines) J , T~fv^ K ~7 4 'J 
5 7, ]s?-X (Appl ied Physics Letters) , T*V% (USA) N T * V % 
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y 4 y^T- -f h ^--r -7 * X (American Institute of Physics) 

1 9 9 9#5J? 1 7 Bf&ff (May 17,1999), 7 4*(Vol.74), P. 2 9 
4 5-2 9 4 7) 4^S*lT^So 
[0 0 7 0] 

u t jt&OJf <omR& «fc tK C u ^U;Cu oifetfe * PPW LT^ 
[0 0 7 1] 

jqiiwu em, sMm&<D&znmm&<ocu&mmkim&-rz>zti$mL 

[0 0 7 2] 
[0 0 7 3] 
[0 0 7 4] 

i^TiSei±C^iIlb?:^IL (HI2b) , fOf 'J V^7-f-tI 
*ttxyf>^:iot, ^tll bifUBRWiJiyTEttTL^Jfi-r* (0 2 
c ) o foil ffM $ jfcfcBEStfftfc J: zmmUzs* 'J7>^;HI3b U 
C u 4 b SrSaOaitr (EI 2d) o C u *3ejft*$"fr*fcae>0«fcftfca«rJti- 

(0 2 e ) o £<B«k*L3WU 4 0 0 r&T^fi-cfi 1 ? o L < it 3 0 0 r& 
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[0 0 7 5] 

*:<nfe s C u 4 btlCC uffi&tpl.zmn-f&Ttmnm 5 b (02 
f ) o ^fcK, C ui a B B 4 b 4H::?ifofjn7G|f 5 b £&ifc£^££#Of!<i^S£M-r. ( 

02 g ) o c:<7)s^a<7)fijg{i3 o o°c-5 o ot, ^{iio^^iBtr^^ 

[0 0 7 6] 

2fcfc, ^ h^^^iJ: «9^fiJ^«7C^«5 b%m3:ir& (H2h) 

iv^ 0 i^TCMP^J: ^ge^iJ^^WfJUWO^fiJ^c u 6 b £ J: 
7> ^^M3 b ZB^Z (12i) o gS^ICCu^ft, t£ifc£P£ 

Ih-T*/^ 1 ; 7«iii8 b*M&-tZ> (02 j) o 
[0 0 7 7] 

02 b~ j *) zb^mmmzfmx^&o 

[0 0 7 8] 

m±0^ii^T^±, r&7C^5b<7)fM (02 f) »7CfOCu# 

MJI^ofeifc (02 g) t*fr\fxft^T^2>fr\ M^LXffitoTumm 5 b ZftZ 

m-$-& z t \z i „ ^bnTn&s 5 b <03&s tcu ^$§ h h h ^mttmwfiM. t * 

[0 0 7 9] 
[0 0 8 0] 
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xmw l tz&, mmm<v ^ ^ £ {±@en?Lo^ £^$1- & > > ^ ^-r v >^ ^ 
?t t mmi t z %m l x mm mu t & v ^ 0 

[0 0 8 1] 
[0 0 8 2] 

*fM8 b t C u|§ H H H S6 b ^O^Mi', 3c*e&C u ii^DTC^ t ^^JR^k^ 
®>6 ? ffM$tL^o t K«fc 0 , @e«iffl^-C*^> C u 6 b t^-i; T*fe,#$|8 

[0 0 8 3] 
[0 0 8 4] 

* 2 ^W^^S^jt^ti, CMPtci J^^fij^C u 6 bt^fO^/s^r^^ 
* 3 b L£^c«i7n3itJf 5 b *W*J&~? 2> &X*n 1 Hifi^JEtH**^ 

[0 0 8 5] 
[0 0 8 6] 

dOT^ie«l±^^Ml b S:fi£IL (04 b) > -to&y v^? 7 -r - fcH 

^fttxyf/^ciot, ^ii b*\,z&mm&£zmmL* : j&j&ir& (H4 

c) o f^*n^^l3 b ^MU C u 4 b Srfi^&tr (04 d) 0 >k 
tc, aa6^ttt7tC u^|§ B %^«<7)7t:^<7)iL^S€rJii- (HI4e) 0 

4 0 0°C^Tco^-e^^ o ^^L<(*3 0 0 t CJ^TT^>^ o Z.<DCuffi. 
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[0 0 8 7] 

Ttr^zmm-z (04 f) o ^cuiiiccuffwaot^i^isb 
(m4g) o mzc u*izmuKmzi)£WLZ^&tz&<Dmmm*m-f 

(EI4 h) o i<7)iiloSS(i3 0 0°C~ 5 0 0°CfIJt, B#Hlil 0^~1B# 
[0 0 8 8] 

-)xnx 7 f> J: (9 ^fij^«7c^® 5 b £P££1"& (U 4 i ) 

%> (HU j ) o 

[0 0 8 9] 

114 b- j *m*)m-tzt\,z&*), $?>i:±iw@ei«t?^ 0 

[0 0 9 0] 

m±^^3t^-e(i, ^D7C^5b<7)fM (HI4g) t^DTC^O.Cu^ 

B B H ^ofet!t (d4h) tzfritxft^x^ztK Mi&%ftTx~mu7tmm 5 b 
Wet zmmzfti z\t i> bsmx&& 0 ^oziooxs^i^Bt^^f 1 ^t^x*), 

[0 0 9 1 ] 
[0 0 9 2] 
[0 0 9 3] 
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[0 0 9 4] 
[0 0 9 5] 
[0 0 9 6] 

^OT«»»±»ctt|»ill bML (El 6 b) , ^t';v^77^f-tl 
^teiy^^fc.fc^T, ^tll b+HE«l*UJ:OW||?L*^i-* (®6 
c) o -eof^ /^;t^^;^3 bWU Cu4b^Sa6&tf (IU6 d) 0 
C uffiMi%Zf&M<Dtztb<ngkMM$:M1- (EI6 e) 0 4 00 

rmT^M^f^o 04L<li3OOWC^^ o «r<7) C ufiJ&«cD£a60 

[0 0 9 7] 

^^1^*1-^, (EI6f) o ^CCu^IfcCuffcat^^lSb^M 

(06 g) o u^izmu^m^i&WL^^^tzib^mMm^mir me 
h) o i«Miii3oo , c-5oot, rnmm ofr-immizwt7z-F 

o 

[0 0 9 8] 

7X7 fx 7 f>^:i >9^J^^P7C^ii5 b^lSk*^* (H6i) 
o r^DTG^/f 5 bOiiHli:, ^3u y h J^y ?*<Ditt> >9 KCMP £fflv>T i> 

[0 0 9 9] 
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[0 10 0] 

&-t?>*Bl:fri£-ej±, ^n7c^®5b<7)^ (me g) £»7cif<7)C u#*§ 
j^-^iOft (m6h) tzfrtfTft^x^ztK nu-cmijujtmm 5 b ttftm 
z t j: 19 , »7c^ii 5 b <F>%m tcu ^^^mwitm^^t * 

[0101] 

[0 10 2] 
[0 10 3] 

& o 

[0 10 4] 

vV n (0^L&v>) ±&c 1 0 0 0 nm^)S i 0 2 H 1 a £ 

*<o±mzT*.T»r^is>&K*vxm2jEMm (mm) szvmi 

[0 10 5] 

S i O2HI a_L (EI 7 a) x-yf-ypx h y/i— tte&mZ 5 0 nmO 
S i CM U h yji-&mm 2 aMU «Uv>-r^lBB«6ii^*5tt*Ej»W 
ZHm-tZ, m$3 5 OnmOS i 0 2 1 (ttfeK) lbfcJ&JRL (07 b) . 
'Jy^77^-i:x7f>^aotS i 0 2 ll b*t:ieM«L?t (0 
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7 c) o -e<7)^ iffI^It:^t>jU^7^&t;J:oT^ TaNliTa 
R^t.WiJ7^^I3a, fei^lOOnm^CuIlWU :<7)C 
ul^lgt LtTOo IftCiotC u 4 a ^t*i>M (127 d) 0 
[0 10 6] 

>Xiz, Cu&Mi&l&M<r>tz&\ l zmmWm^^&MW*nLtz& (@7e) , 
Cu^MW:l)¥2 0nmOTil («tc^) 5 a £ X/n' y * V > ^tc «fc 
otfML/; (07 f) o 
[0 10 7] 

fiHR£H*C*T3 5 Ot:, 3 0^FI«l^lt, Cu»t,T 
i SrC u (0 7 g) 0 £CT\ T i t±C uijga*i#*^LTifctfe 

U 'Vl<?ftlzWtit~W:nL%:^tz#>, Cu 7 aKT i 

[0 10 8] 

, Ta, TaN^l^^L/: (0 7 h) 0 i^tffiMCs ^XvCVD 
ftKioTSES 5 0 nm<7>S iCNl OWT&Mm) 8 a *^JSKLT» 1 E* 
m&MmLtz (07i), 
[0 10 9] 

s*>k % s i o 2 m (*&*»*) ic> sici y^-mmm) 2 b, s 

i O2H (IfilWK) 1 d -5"tL-TtL4 0 0 nm> 5 0 nnu 4 0 0 nmOjp£ 
T^XvCVDfeCiot^IL (07 j ) , V^5 7-f-i:*tttK9^ 
xyf>^:j:^t, S iCNlSa^x^fvnhy^-tLT, S i 0 2 
He, SiC!2b, S i 0 2 R1 dO-aJ«rJW*Bfe*L-C. #1E«W— 2 

E«MimoftiBK?L (mm.il) nzmtfci&Liz (H7k) 0 §iii§'jv^7 

4 -tmij&x-v^yyiz £ S i C12 b *Xy?->'$r* h y;t-fcU, s 
i 0 2 M1 cO-g&£|&*LT\ *2EjMIOEai*0±»t^Lfe (EI 8 1 

) o mz, mimm—m2w.mmm<Dmmiim^(Ds i cnhs a ^j:tr#2 

EStfflMisSBO S i CK2 b Sr^ttJty^v^nj: ij|&*LT, & 1 E*SUi<0Jt 
SMgMT5£Sfcti£-£7*: (0 8 m) o 
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[0 110] 

^>ii s&jb - 0 2 sen® ^ <7)^m?l<7)^ k» to l & i mmm<nwm<r)m 

[0111] 

^2iem^O@e^i5j:^l@B^-^2@B^Ji 

3 b, fcitfl 0 0 nmOC uMlfc^jfcU :«Cu»y- Yt LtlH 
*oifti:J:otCu4b*SJ6^/i (08 n) 0 
[0 112] 

mZmLtzfe (0 8 o) , C ufEM£:®tcJ||J?2 0 nmcoT ill (iSSflnx**) 
5 b=£r^/N°y^';>^tc«to-CB^t^ (0 8 p) „ $£v>T, ffi*#H*C*-C3 
5 0°C\ 3 0»|®I^Lt, C ufcWrt^T i £C u4ncJ£tfc$-£*: (El 
8 q) o 

[0 113] 

>kK. &mt£T i *r7y»£J: OI!fe*U 5IHICMP(a^ ^fiJ^Cu 
, Ta, TaNO#i^iiL/: (HI 8 r ) 0 CKA^W^MK, y'yXvCVD 
^aotf$5 0nmOSiCNl (^'JTitD 8b^*U Sfcfc* 
^-JRfcLTS i 02«9S:J«itL7t: (08s) 0 
[0 114] 

^77-f-U7f^CJ:otAl/T i N/ T i fltSffllfcm&illiljfeffl^ y K 
[0 115] 
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s^)T**)m, /ivrmmm* *'i-tmm&. ±j&<D*mmh!m<D*m* 

T i l±ffiML%frotZo 
[0 116] 
(MINI) 

[0 1173 

#S***<W&l;i\ A (Focused Ion B e am : F 

I B) izZZmttUJlt, jSjiSVTMtRtt (Transmisson Ele 
ctron Spectroscopy: TEM) «fc &flB$0£f& % ±fB#lt 
»l-e^$ttTV^^?LOT^T«KH^4 atrOX M/Xv^f^l/^y 

[0 118] 

tmmxztzo 

[0 119] 

**«^>tt*ht?tt, ^^^ipSlcafc#$tLTV^ 0 1 5 on-ci 0 0 0 
[0 12 0] 

£^lt^s 0 *fl«9jc(±, tmmm^M-t^mmLfz^cmmm^m-to 300 



mtE#2 003-3064773 



#M 2002-356291 



^-v: 28/ 



[0 12 1] 
[0 12 2] 

tzU&l*. S i 02^1 1 a ±CT a/T a N^*'J 7 ^ ^ ;H3 a L, 
$S>K7 0 0 nmOC u«*B/£U 2 0 nmWT i iSJHl5c5|fJB 5 a ZMl&Ltz 

3oo|^tiov»T#*jtg:»-eo«ti(tsts*^LT^i 0 fc£U ^UlliCu 
JfcflfclfeT i^MHU^Ma^^ToT^^v^cOT^^, t^2liCu^ltT i 
&RtfrfcSr*#H&* 2 0 0°C3 0»C u#-^ H H H <k(7)fci6<7)^31*tf o?t 
fcOT*&«K tt# 3 l±£*f£Hac* 3 5 0°C3 0 C u #if£ B H H ftO£#om 

[0 12 3] 

C u^lim^^S«:+^lctTo7t^|-3 &C;fclt& C u&&£ktt<Otztt><DmM 
mk^mmtik^T, T i &Ji!UR&£3 5 0°C3 0»T i 

0 iOctd tec ulffi^^T i ^n^<J:^J£^<^_L#(i:Mi6T/jN$v^ 0 dtl 

[0 12 4] 

Ell 4(4, JiJ£Of^*$itfe^^i||it3H.jciJv*T, *>SCi5Hff (S I 

MS) KJ;*K Cu4><0Ti, Cu, NtfJ^fcSJjg LfeJNf***"to H 1 4 <0 

1 m s t-m^ l ^z:^c j *y$m*7FL, w^vmmzttfc ltv>^, 

[0 12 5] 
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29/ 



T i (»m&%hmi 3 5 0 < te^tztb^ AHCuti 

T iWLTlHl 4 0«t^«r— «*^35*^$tL?tfcti#x.i|<, T i 

[0 12 6] 

Hi 5»i> iiD7cf t H^loi v>(; i ^ tt^w ill f Q z<DWfcm<n 
mmzm^tzUm-it, S i 0 2 «ill a±i:Ta/TaNA'JT^^l3 a 
BIU ^f>C3 0 0 nm(7)CulMU N i fl*tli7G3!t« 5 a Lfc 

itfCu^K— mz&tiLLt:£%iZCu*<DN iigkSti,* 3 a t omi c%C^ 
[0 12 7] 

ratjlicL-C, &*nx3RN i OftfclHCS n> Cr, C o <^#»7nSf fc-etl-T 
WLT^^H^^ILf:o Hll 5 fct±, »7n»*N U S n, C r 

, cot^^^^ii^cwt, mtiTtmmrsmk, m.mnm%*z 5 or 
3 o^moifem m.mm-m%*pA 0 o°c3 o^^a^o. #«:»fc*$»t 

[0 12 8] 

i£> Ell 5tC{4, JtttOfciC)^ ^iJP7n«^S^l atomic%t^C 

ittel)*, MJ^ffiiR, rSfrO^f-IW , ;MM*5*£rtt, 1 9 7 2^Hfi\ 
P 3 3 8) *»?>a»Lfe|fC**o 
[0 12 9] 

JSWoJi^E'btLfeo tCSnCMLtli, 4 0 0 "C^iaSTiM-S 
£ Ltz t n fc, CufClatomic «Hc«A Lfc*fr£U:«>ffistt;5p<& 
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[0 13 0] 
[0 13 1] 
[0 13 2] 

lfitIl^Mlt#i:lT(i, S i 0 2 f , f<7)i^«tt(7)Wlv>ibti 

£R5£S*ifcv»j^ Mil att, 100-3000 nmgl, itll b l±> 
1 0 0 ~ 1 0 0 0 n m^J^ N m%Wk lcfi, 1 0 0 ~ 1 0 0 0 n mfljg, 
Htt, 1 0 0- 1 0 0 0 nmSJS-CabSo 
[0 13 3] 

7s h y^-ii^2«^t LT(i> S i C> SiN, Si CNf, 
^-^i 2 a 10-100 nmIS, 7 h 7A-|filil2 bit, 1 .0 ~ 1 
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[0 13 4] 

n&o %mmm%it, mzm7zzti%\,^K m^, ass 0-20000 nmfi 

[0 13 5] 

^>J7X^^l3«Mi: Ltii, Ta, Ti, W&<hV>#jp|, £*l£><7> 

»K^fflv^n^>o ^';r^^;^3(i, YtHkXA-.^^ CVDffi. 

i^Jf $fll?£ (Atomic Layer Deposit i on ; ALD) fC 
;Hll3a(i, 5-5 0nmtS> ^7^^^l3bli, 5-5 0nmiM 

*?> o 

[0 13 6] 

&BK*SlC u 4WM*ffii: Ltti, -f * M y cVDfe 
•Sffc^^Cffiftftfe (MO-CVDft) tftCfctK CuII«L/;t, £<7)C 

n^t^fi^o *fc, cuiiM-ffi:, S2i^?s k wmm o — c v d & 
?l £ t § & mm wm* s turn, &iz $ v> 0 

[0 13 7] 

Cu ^tM (Cu^SNUb) 7K3g^O»5c#H 
&tf>TTfr*>*i*o £0^at±, 4 0 0 rJJlT-Cff *>*U 0t t< {±3 0 Ot: 

[0 13 8] 

«im7C*«5 0«jfctt#fcL-n±, Ti, Zr, Hf, Cr, Co> Al> S 

1 0 0 n mgJS, ^in5c*« 5b(i, 5 - 1 0 0 n m3gJK"C**o 
[0 13 9] 
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#H^TTif^n^ 0 znmtemit, 3 o o - 5 o o vmmvi&m&ftT, io 
53*- 1 mmnt>ti& 0 

[0 14 0] 
[0 14 1] 

£fiJ&Cu4, £fiJ&^UT^?;Hll3<7>l&*i4, CMP^:i *)ftt>ti2> 0 
[0 14 2] 

^V7^ltl8«#||-i:LTIi, SiCN, SiC, SiNf, CuOt 

7^1118 a 14, 2 0-100 nrngS, /<V 7lfelfJil8 b (4, 20-10 
0 nmtJ|T*l.o 
[0 14 3] 

*ft?LOffiJi, #KK5e$;ftfcV^ fig 5 0-1 0 0 0 n m*!jg £ 

o 

[0 14 4] 

*'*-mm9<nmi&Mft£ lxi^ s i o 2 ^ znibvmm&ntm&m 

*1$I9 OJUJPti^ *'<-*ft*H9 100-10000 

nmjgjg-e^)^ 0 

[0 14 5] 

&±<7>nmim & x tfmnw k a ^ x a , ^-a^jfi $ *Lfc**Lt n > 

C u £ ±$3* £ i~ * ^Cu JiWo$®bn?Gf& t * ^rl~ & E&fffl#Jl ^ t> & 
ii£W-r*E*Ufl&*, *J:iF±&o#«iS;frifcfc «fc 9iy^*L*:E«UI§&JKtt 
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[0 14 6] 

&±m.wLtz£7^ ^mmmm^mizxtu^ mmm&mvsM, em 

x E*UB^O*JKttfc|fi]_L-r£&o Sfcfc, do§&i8K«t «K Ei8§Lii3£ri*e&:# 
[0 14 7] 

i/c, ±IB*3&l!Bfc: iiftwr, C u £±j&53^ L^Se^ffi^Jg^tc, C u 
^H^l a t om i c%mTT\ C u^ B B H ^^T^^f^^§ V^^Otc^ 

vs>?r«ljt^ E£lffl&JROte8i«:£ffl±-e#&o 
[0 14 8] 

> E«ffl&«*OCuO&ft£EfriLL , T\ E#lffi&JH«04f «tSfe4r|p]_t-e£ & G 
[0 14 9] 

[0 15 0] 



miE# 2003-30647 



&m 2002-356291 



^->': 34/ 



[0 15 1] 

#*9!OE*ffl&*oiHi*ftfcJ:*itf, C uMSiCTfC u*£ii&& 
, i&It^iiDTcf of f t: i ^, c u«So«^j|c <b£v> 0 

[0 15 2] 
[0 15 3] 

mm*l a t om i c%iilTT\ C u^ H B H fe#T^J£fc^^# ^mfcnjtm 
[0 15 4] 

*»Wo**#««o«j6^Fifeic itttf, c u£»ft5&au:€-cc u ****** 

^ MST"0»7C^<7)^tC J: & C u Mal^gOWJSO^jgC h £ $ 
A >^Cu*i: te«j7C» s JS ^ L & v> tz , »7C^f t:j:-SK;^c 
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[0 15 5] 

£ mm l „ mmmte £ zmmi ^cu -ca^tr ^-b- k ^ e> *i & <t 9 & , &m * 

10 15 6] 

2 ±ib^#&ie v. x fut, cut m%m t <d m iz/i >)t*? )i>m*tkw & tz 

o 

[0 15 7] 

muTtmimum, & x t>\ ^mmuuTtmrn^nm^n i^tizxv), c u «mi 

[0 15 8] 

<o*Se*^«M^^**^$ tt* d 1 1 ta *) , Efcffl&JR-C** C u fcJJf 
[0 15 9] 

[0 16 0] 

±ifi^:^^j:tL{f, c u *3Li&ftt Ltz^m^mv&mmttpiz, cut 
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nmmmtfl atomic %&TT% C u^ B B H |£^ici3tt^^m^§v^ 

[fan 

[02] 

O 

[H13] 
[04] 

o 

[0 5] 

^^n3^mrmiz^if^m^mm<D^m^m^mmi-^mmmx^^ 

o 

[0 7] 

M0-c£>& o 

[118] 

*»«o«t« t= s »t « ^it<7)ii^s jc & (t z »Rie *■ * if 
M0-e&£ o 

[0 9] 
[010] 
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[011] 
[mi 2j 

[191 3] 
[014] 

u, NW^f^7 7T^So 
[015] 

la, lb, lc, 1 d— IfiffiR 

2 a, 2 b-x h ^/N'-^liH 

3 a, 3 b-A*'JT^^;H 

4 a, 4 b-Cui 

5 a, 5 b — C u^<7)v^Jn7C*/l 

6 a, 6 b, 6c-a'j^Cu 

7 a, 7 b, 7 c ••• C u ^tf i5 i ^ C u W©§ i: (Off 

8 a, 8 b-vty rffiJHR 

1 0 b— v- KJS 
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[II 1 o] 
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